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Digital Computer Laboratory
Massachusetts Institute ot Technolopy
Cambridge, lassachusctts

SULJLCT: L CAaTiLCoto TV BLECTROM GUNS

To: The Storage Tube Group

Froms: T. Spencer Greenwocd

Late: April 21, 1953

Abstract: This memcrandum is the text of a renort nresented at the
Thirteenth Annual I, I. T. Physical Electrcnics Conference
on March 26, 1953. It summarizes the results of the work
undertaken to determine the applicability o "I." cathodes to
storage tubes during the period of Aupust 1952 to March 1953,
These results indizate that the emission canabilities of the
"L" cathode are such that they can be used in nlace of the
oxide catliode in the storape tube high-velocity esun. The
veeful life of the cathodes and the limitations immosed by
grid emission are still under investipetion since they are
iong term vroblems and subject to some statistical variation.

The vresent naper is a brief summary of the initisl exverience
of the M. I. T, Dipital Commuter Laboratory in aprlyiing "L" ecathodes to
electron guns, The ultimate objective of this work is to include such
a gun in the electrostatic storage tube which is used as the high-speed
storage element of the whirlwind I computer. At the present time these
tubes are using guns with oxide-coated cathodes, While operationally,
these are quite satisfactory, their 1life, particularly in the reading-
writing gun, is often the limiting factor in tube life, There is a
second jyun in the tube which is "on" a very large nercentage of the time
and produces a large number of positive ions, These ions borbard the
cathcde of the readinpg-writing gfun ard eventuall, reducc its ewmission
to an inoperative level. .t the nresent time few tubes remain in ser-
vice after 5000 hours of life.

- The "L" cathode, because of its structure, is more immune to
positive ion bombardment and for this reason is being considered as a
nossible replacement for the oxide cathode,

The present report cov-rs the initial work undertaken to
determine whether the "L" cathode gun could reproduce the characteristics
of the present gin, Briefly, it was required that the "I cathode be
used in an RCA type EU pun operating at 2500 volts accelerating notential
and be capable of delivering a current of 20 to 0 pa into a focused snot

alld
of ,026" to .030" diameter. It was desired that the rrid drive be within
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a facteor oi 2 of the present drive. Obviously for any advantage to accrue
from the use cf "L" cathodes, the emission should be stable for no less
than 5000 hours and »referably 10,000 or more hours,

Physically, the planar "L" cathode is almost identical to the
repular oxide cathode. The earliest type, called the cavity tvpe, is
shown in Figure 1. It was with this type that most of the experimental
work was done. liore recently the impreimated type lLas been used. This
differs from the cavity type in that. it has no inlernal separator, no
'idge, and is about l0x greater in diameter. In either type the cmission
is produced by a monztomic layer of barium on the tungsten cap. The forma-
tion of this layer is carried out in the cavity t.pe by thermel breakdown
of the carbonate to barium oxide, subsequent reduction of the oxide by
the tvagaten, and diffusion o' barium Lo the emitting surface. In the
irprernated type, the tungsten cap is alrcady infused with barium ouide
and, theoretically, only the reduction and diflusion steps are neccssary
for activation. Decause of the instability of BaU, it would apbpear neces-
sary to aveid excessive contactabetween the impregmated type cathode,
ond COp and water vapor, during the handling and construction stage.
acwover, prolonged exvosure does not scem to seriously imnair emission,

The first :rajor ~roblem involved in :usine the "IV cathodes
ariscs c¢uring tie construction of the pun, Uhile the "' cathode is
vhysicatly similar to the oxide cathode, the temmeratures 2t vhich it is
necessary to process the "I" cathode make the stendard catode mounting
unsuitable. The standard mount uses a ceramic supvort in direct contact
with the crihiode, but with the "L" cathode vuch direct contael os rerort-
cdly aot Lo result in cathode noisoning.

liovever, in order to achieve the nroner grid - cathode spacing
of 0.C05" in the 5U gun, it is necessary to have a mount which is rigid
both mecnianically and thermally and one which conducts as little heat as
possible away from the cathode. A Gingle wire mount is unsatisfactory
and the mount that was finally used is shown in Fijurc 2, The SU cun
has two ceramic rods supporting the first two ;rids and the tantalum
crosspiece cthown was mounted on these two rods just beluw the first grid.
s satisfactor; weld between the grid snd cathode was made by using plati-
num as a flux. The mount was generally very satisfactory; its larrgest
drawvback was the difficulty encountered in accurately adjiusting the grid
to cathode spacing. A later, more refined design is shown in TFipure 3.
Tuis design provides an assembly which fits inside the first :rid an
witieh is susported in the same manner as tiie conventional catihiode. it
conduction in this mount is held to a minimum by supvorting the cethede
at only four welded points. Both mount designs were basad on the sunmosi-
tion that cathode temperatures would he too high for direct contant ccra-
mic mounts. Recently, however, the nossipility of activating at lower
temperatures has arisen and if this proves satisfactory, a reevaluation
of the use of ceramics is ncaessary.

The only other constructional problem that has occurred is in
conncction with the heaters of the cavity type cathodc. The heateors thot
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have been used are thosec supplied wiih the cathodes. The earliest cnes
were made of tungsten conated with aluminum oxide in a double wcind helix
form. See Figure L4C., Unfortunately, these heaters were very pocrly
coated; the oxide was porous and loose and resulted in fregquent heater
burncuts. To eliminate this »nroblem, the manufacturer changed his
technique and began supoiying the cathodes with heaters installed and
the entire heater cavity fiiled with aluminum oxide. In additien, the
form of the heater was changed to a folded one as in Fipure LB, This
design proved successful and no further burnouts werc encountered. How-
erer, it was found that the cathode temperature was no ionger a predict-
at1L function of heater voltage, current or power; hence, direct terpera-
ture observations were necessary on each tube.

The impregnated cathodc heaters have not sufferzd these draw-
backs. They are separate heaters with a hard adherent oxide ccating.
Mo burnocut problem has earisen and temperature is a reasonably consistent
furction of heater voltape, Recent conversetions with thz manufacturars
indicate that similar heaters will soon be availablc for the cavity tyve.

The constructional problem which existed in connection with
the heaters resulted from the manufacturer's practice of supplying the
heaters without extension leads, The ends of the heaterc are tightly
coiled and protrude about =n 1/f" from the cathode., A simple and effec-
tive method of obtaining extemsion leads is to pull the end of the heater
coil while holding the coil near the <atncdc. See Figure LE. Breakage
resulting from this step is neglipible and none of the leads nag ever
failed in operation. In an apparent attempt to provide extension leads,
the last 1ot of cathodes received were supnlied with extension lecads
inserted in the heater coils. OLee Figure L&, Of the five or six heaters
used, every one either burned cut or developed internal shorts. For this
reason, their use nas beer diseontinued.

The processing of the cathodes is “or the most part straight-
forward tut certain difficulti-s do exist. ‘“onversion of the carbonates
in the cavity is not difficult 4f a rcasonsztlc zmount of time is allowed.
It has been founc to be zn easily repeatable step and not excessively
critical., Figure £ shows a typical pressure Burve curing conversion.
The actual conversion takes place at the urmer peek, The lover veak is
e subsidiary reaction which has not anprared to ceuse trouble. To some
extent this extra rcaction can te derressed Ly using nmore rapid temmera-
ture rises but no significant advantage accrues. The schedule used for
this and other conversiors was to raise the temperature in small sters
in ordcer to reach a cathode temmerature of 1100°C brifhtness within 20
to 4O minutes. The sharp pressure drop, indicating the end of conver-
sion, always occurs within one heur.  Peak pressures are of the order
of 5 x 10~% mm of Hg.

While conversions as such arc presumably not necesssry on the
impregnated type cathode, the initial degassing has been carried out on
the same schedule used for conversion of the cavity type. A repeatable
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pressure variation has been obtained which bears similarities to the con-
version pressures of the cavity type. In ~articular, a low temperature
peak is obtained which is almost identical to that in Figure 5, wnile
beyond this point the pressures corresponding to convarsion 3§+ tho cavity
type are abcut two decades lower in the impregnated type‘ul still o .ow Lhe
double peak. It would appear that some carbonate is thus present,
possibly from exposure to air during construction.

Activation differs considerably depending on which of ths two
types of cathodes is used. The cavity type will be discussed first.
The temperature used for activation was generally 1250°C brightness;
lately, howsver, activations have been carried out at temperatures of
1150°Cy to 1200°Cy,. Apparently, satisfactory results were achieved at
these lower temperatures and the behavior of the cathodes was simila:r to
that at the higher temperature.

This behavior for four tubes is shown in Figure 6., In these
curves the first grid was used as an anode and time is messured from the
instant activation temperature was reached. The first three tubes were
largely activated without drawing emission current except for momentary
measurements, From points A~A onward, however, emission current was drawn
continrally., In the case of the last tube, current wes drawn continually
throughout activation. Generally speaking, little difference exists
between activation using heat zlone and activation with emission current
being taken. In a practical sense, however, cathode contaminants released
from the grid due to electron bombardment must be considered. Their
effect is to decrease the rate of rise of emission and this can be seen
in the figure on tubes RT335 and AT355. This type of poisoning varies
from tube to tube and, unlike & similar effect in oxide cathode tubes,
there is no particular voltage at whi  poisoning starts. Rather the
amount of poisoning increases slowly s the voltage is raised.

Because of this poisoning, it has been found that slightly
faster activations are obtained by not drawing current; however, since
poisoning does occur later in tube operation it seems wise to draw
current. for the purpose of grid degassing, On most tubes this was done
after the cathode had been at least partially sctivated. K-F tombard-
ment of the grid was &lso used in some cases but neither method was com-
pletely satisfactory in eliminating cathode poisoning during cpveration,

The time required to activate the cavity type cethode is
widely variable. It will be noted in Figure 6 that activation consists
first of a period in which 1ittle or no activation takes place followed
by a very rapid current rise., The variability in the rno-sctivation
period indicates a wide variation in the diffusion time of the barium,
Figure 6 is by no means indicative of the variation in this delay. A
delay of up to 6 hours has been observed. However, it is encouraging to
note that no cathode has failed to activate if given sufficient time.
Patience has been a necessary processing tool, The activation of the
impregnated type cathode is a different story. As soon as these cathodes
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reach activation temperature (1200 -~ 1250°C has bcen used, but a lower
one may be possible), the cathode is generally quite active. If not
fully active & relalively short period will coinplete activation. The
absence of any activation delay gocs hand-in-hand with the fact that
bariwi.sources are already disversed in the tungsten and barium is not
recuird8 to diffuse any appreciable distance. On the other hand, the
availabjlgey of barium from points distant from the cathode surface dic-
tates at ieast a short aginpg to attain stability. DPoisoning frem grid
contaminants anpears to be much less in this type cathode. This fact,
togecher with the shorter. activations, makes this cathode attractive
for vrocessing simmlicity.

Feyornd the forepcing, no further nroccssing is essential.
Actually an aging neriod was always included tut this nroved to have
nore value in degassing the gun anertures than in stabilizing the
cathode .

The test results of the "I" cathode puns have been mederately
satisfactory to date. To mcet the emission requirements of 30 - L0 na,
i1t has been found necesszry to operate the cathodes at a temmerature of
about 950°C,,. At this temperature about &) pa are available but Faraday-
cage measurements have shown that termcrature saturation adversely affects
the beam shape above 10 pa, Tids operating termerature seems 1o be suit-
avle for either tyve of cathode although the immpremmated tipe showus a
much greater variation in emission with terperature then does tbhe cevatvy
type. This may be due to changes in the state cof sctivation of tne
impregnated tyve with temperature

The emission level obtained at 950°C is only atout one half
that of the oxide cathode gun and it is thus nhighly important that this
emission be stable. Unfortunately, this is rot always the case. fs has
Leen nointed out the cavity type, narticularly, is subject to noisoning.
Besides that poisoning causcd by grid eontaminants, peisoning of the
center of the cathode only has occurred. Vwhile none of the poisons are
pernanently destiuctive end the cathodes may be reactivated, the situa-
tion is undesirable, Iliowever, there is ccnsiderable variation in the
extent of poisoning from tube to tube and if suitable degassing nro-
cedures are carcied out in processing, and ooerating temmerature is held
in the 950°C range, the poisoning causes little trouble. As was nre-
viously stated, the impregnated type suffers less from poisoning but
evidence of its existence is present,

At prescnt, the life of the cathodzs has not been fully
evaluated., Wkhile this was intended to be one <f the first sharacter-
istics to be investigated, heater burnouts and poisoning clouded the
results on early tubes. Despite this, two ¢f the more satisfactcry
tubes were run at P00°C for 9090 hours without failure, On other tubes
it appeared that operation at 1050°C was nossible for at least 2500
hours. Uhile these results werc fragmentary, they were encouraging




6A89
remorandun M-1986 Page 6

enough to expect ¢,000 to 10,000 nour life at operating temneratures of
350°C,

No discussion of "L" cathodes is complete without some con-
sideration of grid emission. The relatively high rate of barium evan-
oration and the proximity of the grid and cathode give rise to grid
emission of sipmificant amounts, Generally, the emission does not reach
an observable limit until some operation time has elapsed, Tn the
storage tube this observable 1limit is reached when the con'!ri*-tion tc
beam current density of prid emission is about A orders of masmitude
lower than the total beam current. Another increase of perhaps a facicr
of 100 over this is allowable before such emission is detrimental to
tut: operation, The time of appearance of grid emission is wvariable
and devends to a ccnsiderable extent on processing history. Specifi-
cally, ihe lengih of time the cathode is held at activation temperature,
after a-:ivation is complete, should be held to a minimum.

In a tube which had a fairly typicai processing, the first

prearance of (rid cmission came after 1Y00 hours of operaticn., It was
found at this time that a relatively liyht r-f bombardment of the prid
removed the grid emission without injury to the cathode emission, Sub-
sequently the ;rid cmission reappeared after £00 hours, If the level
of grid emission at these times had been detrimental, it would be necces-
sary to consider grid emission a severe drawback, Unfortunately, since
life studies of grid emission have oniy recently been started, it is
not possible to state how much time is required for the emission to
reach tre detrimental level and this may be much longer than that
guoted for observabhle emissicn.

In connecticn with impregnated csthodes, it has been ob-
served that prid emission to the cathode is preater but this difference
does not seem to be reflected in a first order difference in the beam
current density contribution,

1ne conclusions which have been reached from the investi-
gations conductec thus far indicate that the "I" cathode will serve as
a satisfactory substitute for oxide cathodes in electron puns if the
current requiremenfs are moderate. Vhether the resulting gun will main-
tain its emission for longer periods than the oxide cathode is still an
open question. In some avplications grid emission will be important,
and in these cases 1life may be severely limited. The impregnated
cathode has several advantages over the cavity type in ease of nrocess-
ing, freedom from poisoning, and slightly greater emission. It does
have the drawback of higher heater-cathode leakage and possibly greater
grid emission in critical applications. Of some practicel interest are
the heater voltapes required for 950°C operation since they are non-
standard. These are about 8 volts for the cavity type and 10 for the
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impregnated type. itedesign of the heaters can, of course, bring these
;alues down to 4,3 volts, but not without some danger of burnouts during
processing.

~
&7

Signed Q/M Hzew

T. S. Greenwood

AppEoved “/.?_Zf.@f_&m—f
c

. L. Ccrderman

TSGdC

Attached:

vig ve 1t A-5L277
Figue 2: A-5L276
Figure 3:  A-54202
Fignre Lh:  A-GL203
Figure G: B-5heT

Figure 6: B-54275
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